organic chemistry, with applications ranging from natural product synthesis and pharmaceuticals to the development of organic materials (1 + 2 A 3, Fig. 1 ). Given the importance of the Sonogashira reaction, the discovery of improved catalyst systems continues to be an active area of research. In this communication, we describe a new set of solid-supported cross-coupling conditions that are extremely useful, particularly for the handling and isolation of highly polar compounds.
Our interest in the Sonogashira coupling was sparked by the crucial role it plays in nucleoside chemistry. 3 More specifically, this transformation has been essential for the development of both traditional and modern DNA sequencing technologies. 3, 4 En route to novel reagents for sequencing on the single molecule level, 5 we encountered difficulties separating the polar nucleoside product (6) from triethylammonium salts formed from the Sonogashira coupling of iodide 4 with protected propargylamine 5 (Scheme 1).
6
Although this problem has been documented, 6a only one solution has been reported, which involves the preparation and use of an expensive resin to neutralize the triethylammonium by-product as part of the purification process. 6, 7 We reasoned that an alternative solution would be to substitute an affordable trialkylamine-bound resin for triethylamine in the Sonogashira reaction. By carrying out the identical cross-coupling reaction in the presence of Amberlite IRA-67 8 it was possible to isolate the desired Sonogashira product (6) in 79% yield after filtration of the reaction media and purification by silica gel chromatography.
On the basis of a comprehensive study conducted by Kotschy and co-workers, 9 we postulated that it might be possible to utilize a heterogeneous transition metal catalyst in our Sonogashira coupling to further simplify the purification process. In fact, upon simply substituting Pd/C for Pd(PPh 3 ) 4 , lowering the catalyst loading to 5 mol% Pd, and conducting the reaction at 50 uC, formation of 6 proceeded smoothly (Scheme 2). 10, 11 Moreover, cross-coupling took place in the absence of ligand additives typically employed in Sonogashira couplings, while in the presence of several heteroatom substituents. We next explored the Pd/C and Amberlite IRA-67-mediated Sonogashira coupling of a number of deoxynucleoside derivatives (Table 1 ). In addition to deoxyuridine 6 (dU, entry 1), both uridine www.rsc.org/chemcomm | ChemComm (U) and dideoxyuridine derivatives (ddU) were readily accessible under our heterogeneous conditions (entries 2 and 3). The latter of these products (i.e., entry 3) is particularly important since it is a key intermediate in the synthesis of conventional Sanger DNA sequencing reagents. 4 While it was also possible to access 29-deoxycytidine (dC) derivatives under Pd/C-catalysis (entry 4), Sonogashira coupling of 8-bromo-29-deoxyadenosine (dA) and 8-bromo-29-deoxyguanosine (dG) derivatives was rather sluggish. However, by employing a Pd(PPh 3 ) 4 /Amberlite IRA-67 system, good to excellent yields of cross-coupled products could be obtained for these substrates (entries 5 and 6). Finally, the use of phthalamide-protected propargyl amine in place of trifluoroacetamide 5 under our Pd/C conditions also led to the formation of Sonogashira products (entries 7 and 8). These phthalamido reagents (entries 7 and 8), as well as their trifluoroacetyl analogs (entries 1 and 4) have been used to access fluorescently-labelled deoxynucleoside triphosphate derivatives for novel DNA sequencing technologies that are currently in development. 12 Having developed a simple solid-supported system for Sonogashira couplings, we wondered if our conditions would be applicable to other cross-coupling reactions. In a preliminary finding, our heterogeneous reaction protocol was effective in promoting the Heck reaction 13 of iodide 4 with ethyl acrylate to afford ethyl ester 7 in 66% yield (Scheme 3). Importantly, ester 7 has previously been converted to BVdU (8), 14 a potent antiherpetic agent. 3, 15 In conclusion, we have developed a heterogeneous protocol for the Sonogashira reaction that employs Pd/C as a catalyst and a resin-bound tertiary amine as a base. These conditions are particularly useful for the facile isolation of polar nucleoside compounds, which are otherwise difficult to access in pure form. In addition, Heck chemistry can be carried out using the same solid-supported reagents. Ultimately, we have used these crosscouplings to prepare several biologically important molecules. Applications of these methods to synthesize novel reagents for DNA sequencing are currently being investigated.
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